Abstract-The aim of this study is to develop and assess a mobile-based learning concerning the Picture Exchange Communication (PECS) for Autism Spectrum Disorder (ASD) children's caregivers. Being an inexpensive intervention, the PECS has been proposed by other parents who have practised it on their children with non-verbal and behavioral disabilities. The underlying motivator for this mobile application is to guarantee that autistic children can have a better alternative intervention through the PECS approach so that they would not rely on the therapist a great deal or go to the autism center which is often costly. This mobile application elaborates on the user requirements which include PECS introduction, the characteristics, initial preparations, strategies and the activities. Instructional System Design (ISD) functions as the methodologies that help create the mobile-based learning. The system design has five stages namely the analysis, design, development, implementation and evaluation. These stages are better known as ADDIE which ensure the user to attain the goals of the instruction for the entire process. To examine the content and the user interface design for this mobile application, a formative evaluation was conducted which was aided by the usability testing by questionnaires and short instructed interviews. With the application of the ADDIE principles and guideline of Human-Computer Interaction (HCI), the best combination of causes of the AutiPECS had been developed properly. In sum, this research has achieved the objectives. The content had been assessed by the expert, and the caregivers know how to adopt D.I.Y concepts as they are working on the learning materials. Future works may also be able to take more advantage of the AutiPECS 2.0 version where they can develop the mobile-based learning of PECS in the extended content and pay more attention to more specific case studies so that the caregivers know how to use PECS with the special children everyday.
INTRODUCTION
Autism was introduced by Leo Kanner [1] in his research of Early Infantile Autism in 1943. He defined autism as a deficit behavior that has less social interaction and development. In Greek, Autism is "autos" means "self" and the creation of their own world according to their imagination. In 2011, Mills and Marchant [2] described autism as a "spectrum of neurodevelopmental conditions, present from very early life, which disrupt the development of social behavior and communication". There are three domain characteristics that are mostly shown in ASD like "social reciprocity, communication, and restricted and repetitive behaviors (RRBs) and interests" [3] . Generally, their social interaction is very low because they are more likely to be alone, where they never showed up or wanted to interact with people around them. Moreover, the autistics have difficulty using stereotyped phrases including intonation in communication with people and they tend to have fewer facial expressions like avoiding eye contact with others. The repetitive and restricted behaviors and interests of autistic children are evident when they repeat the actions like spinning objects, being strict with their schedule (i.e. daily routine) and have unusual interests in something (i.e. Focus on one object). Due to this situation, it is harder for autistics to adapt to the new environment.
Parents who have autism children mostly have difficulties as they need to adjust their daily activities and pay extra attention to their autistic children. Every family has their own vision when it comes to handling their autistic children. According to Banach, Iudice, Conway, & Couse in year 2010 [4] , the family's reactions after receiving their autistic children's diagnosis results were "52% felt relieved, 43% felt grief and loss, 29% felt shock or surprise, and 10% felt self-blame". Although the parents felt relieved with the diagnosis, the stress that they felt to raise the autistic children can still be overwhelming. The main effect on children parents with autistic children is the basic need of autistic children where it causes the frustration between the two parties [5] . This is because the parents tend to worry that their children cannot communicate verbally and their high vulnerability may be harmful to the children. Thus, they need to pay attention consistently to their children.
Another stressful impact on the parents is their children's future [6] . They might be scared as they plan for the child's future and find ways of proper care because some of the children depends on their developmental ability, need assistance in toileting and bathing [5] . Autism Society in 2011 [7] stated that the other family members are not capable of taking care of the autistic individual if their parents are not able to take care of their child. This explains why the parents tend to feel stressed about their autistic children's future. The acceptability by the community is also one of the effects that parents must go through -it is a fact that sometimes, members of the community do not understand or are not sensitive of the autistic behaviors [5] . This negative perspective will leave the parents with a sense of isolation; it is hard for parents to bring their autistic child over to friends and family's house. The financial condition is also one of the negative impacts on autism parents. The autism parents need to be able to bear the financial aspect too. Besides, according to Autism Speaks, the average cost for autistic children is $2.4 million that involved intellectual disability. In Malaysia, this costs approximately RM 5 million. The lifetime costs of autistic children include their therapies, activity expenses and health care. These pressures and challenges are due to the lack of legitimate support from the authorities. Government and relevant agencies should provide adequate therapists throughout the country. With the availability of sufficient number of therapists, it helps these special children to obtain planned and systematic treatments and interventions, and also it gives hope to their parents. This is further explained in article written by Illias et al. [8] . Therefore, in order to reduce impacts on autism parents, this research was conducted so that the parents will know more about autism related interventions. Furthermore, the purpose of the study is to introduce the caregivers the appropriate communication strategy which is one of the interventions for ASD, as it is the most inexpensive intervention and can help ASD people to learn the communication skills in a unique way. By developing this mobile-based learning for the caregivers of ASD children, this can help many parties indirectly especially ASD people and the society.
II. RELATED CASE STUDIES
To emphasise the fact that PECS is one of effective communication interventions for autism, there are several cases that can be shown from other past researchers. For example, [9] , a group of researchers from China had given a modern twist to the conventional PECS to lessen the burden of the caregivers. This idea was derived from a problem that the caregivers need to do several picture cards that involve these three steps such as the creation, the portability and the management of the picture cards which prove to be a burden for the caregivers. The ASD children started to show some improvement in their education after using PECS. Moreover, they also wanted to develop it using their native language as they found that most of the digital PECS are using English language. Therefore, [9] created a mobile application that transformed the conventional PECS into digital PECS. Their target users were the ASD children and the caregivers. While the ASD children can use the digital PECS, the caregivers create, have more portability and find it easy to manage the picture cards without losing any of the picture cards. Based on [9] research, their target user for that mobile-based learning is the ASD children only but not for the caregivers. This statement can be proven by these three applications. All of these applications are mostly not suitable for the caregivers of ASD children as their guide, to apply that intervention daily to their children because the developer only digitalized the tools used for ASD children.
Meanwhile, other researchers from Greece had conducted experimental studies on a 10-years-old ASD boy, C.Z., with hearing impairment in order to prove that PECS is an effective intervention to be used [10] . They conducted PECS on him based on their intervention goals such as to facilitate the functional use of writing, facilitate the focus on alternative sensory channels such as his vision and touch, affect the multimodal communication mode, affect the spontaneous use of PECS and accelerate acquisition of spontaneous use of PECS [10] . However, the researcher from Malaysia, [11] , had different objectives about PECS. They wanted to interview a mother who implemented PECS for her son with Pervasive Developmental Disorder (PDD). These researchers, however, faced a problem. There was a gap between the interview of this mother and the PECS training undergone by her child [11] . Thus, they had issued a brief report on the participant's background and it was presented in the following sections such as the setting where PECS was implemented, materials used in the training, PECS training sessions and interview sessions. They found that this mother was satisfied after using PECS on her son. She was impressed by the fact that her son knew was how to respond when she asked something and her son was now able to convey his needs.
As for the researchers in the United Kingdom, [12] , PECS training is effective for teachers of ASD children. The result has shown the effectiveness of PECS consultancy for teachers [12] . In addition, [12] stated that although there was no evidence of improvement in other areas of communication, rates of students' initiations and use of symbols in the classroom had increased. In Australia, [13] PECS training was found to be effective on the social communicative behavior of ASD children in a general setting. [13] stated that although PECS exchange was rarely observed in these settings, there was increasing evidence in verbal minds and other initiations in both homes and kindergartens. They also added that the spoken vocabulary and the length of comprehensible spoken utterances also increased [13] .
Important reflections obtained through a previous study state that PECS was an effective communication intervention module for autistic children. However, the dominance of the study was only in Europe. Furthermore, according to the researchers, most of the previous studies only targeted at applications among autistics children, not the parents. Therefore, this study aimed to identify potential development of mobile based learning application as an alternative to support parents in using communication intervention to their special children.
III. METHOD AND STRATEGY
The instructional design model, ADDIE as the systemic process to translate general principles of learning and instruction into plans for instruction materials and learning [14] . The basic engine of ISD models is the system approach; viewing human organizations and activities as systems in which inputs, outputs, processes (throughputs), and feedback and control elements are the salient features.
ADDIE is an acronym referring to the major processes that comprise the generic ISD process ─ Analysis, Design, Development, Implementation and Evaluation (Fig 2  above) . When it was used in ISD models, Kovalchick & Dawson stated that these processes are considered to be sequential but also iterative [15] . 
Analysis
The analysis has a function of collecting, analyzing and summarizing the necessary data for decision making through the design, development and evaluation phases (Bixler, 2000) . Available materials from secondary sources were books. Journal and internet sources were used as primary sources in order to analyze and develop the conceptual framework which was specified based on the objectives of study. The output of the analysis phase was a set of appropriate communication intervention content which can be broken down to determine what ought to be done. This output was converted into statements of objectives. Most of the materials used by the researcher came from secondary sources i.e. books, journals, online sources, etc. to develop the conceptual framework for the content of the AutiPECS (refer to Fig.1 above) . In addition, the researcher did gain some informative feedback through an in-depth interview session with the Speech Therapists and Parents who have ASD children.
Design
In the design phase, the content and objectives were examined to decide on appropriate sequencing, media, and methods, which specifications comprise the blueprint for the instruction (as cited in Kovalchick & Dawson, 2003 [15] ). This phase ensures that the mobile based learning application was properly organized by translating inputs from the analysis step into guidelines. This phase involved macro-strategy and micro strategy. Information from the learner's need analysis was adapted to create the learning objectives. It is important to recognize and synchronize between the materials presented and users' needs.
Development
The blueprint created in the design phase was converted into instructional materials and procedures in the development phase. Outlining the courseware with necessary activities involved is very important. Flowchart and storyboards were indispensable to develop the mobile based learning as they constitute the foundation in channeling the output. Since the medium of education selected was computer-based, to be precise, a courseware, then an authoring tool such as Appypie [16] , [17] cloud based version, need to be at hand.
Implementation and Evaluation
Prototype was developed as a preview of the actual mobile based learning to identify the weaknesses. In the evaluation phase, the target users were probed to decide whether or not revisions were necessary, in which case the process would be repeated with the next version of instruction. The research implements sets of questionnaires which were adapted from [18] and [19] .
IV. AUTIPECS PROTOTYPE DEVELOPMENT
The software chosen to develop the AutiPECS mobile application was based on the researchers' preference towards the software in terms of the pricing, features, method(s) used, supported devices and languages. Due to the fact that it is web-based software, the website can only be searched using any kind of search engines by typing "Appypie.com" and this was done on the Internet. However, you need to create an account to save your projects. It is convenient for researchers who do not have a power notebook to support heavy software just like Adobe Photoshop or Microsoft Visual Studio and other softwares that have the same criteria with a personal computer. Firstly, AppyPie website was searched on the Google search engine and the "Appypie.com" in the list of results of the search engine was clicked on. An account was created to save the mobile application progress. Once the developer is logged on, the main screen would be shown. Next, the mobile application name was written, and the type of content was chosen. The suitable type of content to build a manual book in the form of mobile application was informative application. Then, in the design phase, the type of features that they want to use, the font type, font size, icons, splash screen and number of app pages had been chosen and customized based on the Eight Golden Rules by Ben Shneiderman (2014). The developer needed to focus on the users' phone model whether they want to focus on Android user or IPhone user. Lastly, the mobile application was developed after developer was satisfied with the contents and the design. Figure 3 shows the flow diagram for the completed mobile-based learning, AutiPECS.
V. FINDINGS AND DISCUSSIONS
The purpose of an evaluation was to ensure that the goals and objectives that have been clarified meet the organizational needs (Clark, 2015) . Content evaluation involving the experts' evaluation can enhance the validity and reliability of the content. Formative evaluation was conducted to get the user's response to improve the mobile learning application. For the evaluation process, developer used the usability testing by distributed questionnaires and short instructed interviews. In the usability testing, there were three types of methods that can be used such as inspection methods, lab testing methods and surveys with customer reporting methods (Chandler & Hyatt, 2012). However, for this project, the surveys and customer reporting methods were used to look into the user's experiences on the usability of interactions. This method was based on expressed feelings, attitudes and perceptions of the usability interaction and overall reactions. Before conducting the surveys, permission was requested from participants in these following stages-video-recording, photo-taking or voice-recording, before the impending interview. Then, they were given the opportunity to use the application prototype. After that, the interview session was conducted; questionnaires were distributed. There are two sets of questionnaires provided for experts and parents, respectively. For the expert, a set of questionnaires used in this study was the Session Feedback [19] from the Expert while another set of questionnaires was distributed to the parents based on a motivational measurement instrument named the Instructional Material Motivation Scale (IMMS) [18] . These instruments were designed to measure user's motivational reactions to self-directed instructional materials and to get to know their level of satisfaction. In the implementation stage, the mobile application was delivered to the user to be tested in a real environment. User will have the opportunity to use the mobile application on their own. The mobile application was delivered through the email and Google form by providing user a link so that they can simply download it to their mobile phone. Along with the link, a set of questionnaires was also distributed for the evaluation stage. There are two sets of questionnaires prepared and distributed for experts and parents respectively. This questionnaire contained three questions for each section according to the objective of the mobile application (refer to Table 1 above). All those objectives were rated from 1 to 5 which was from low to high rating. Each objective is rated according to the relevance of the content, clarity of presentation and relevance to the learning intervention. Occupational and Speech Therapists were the selected participants as experts to evaluate and validate the content of this application.
For the first section, the main objective in developing this mobile application was defined so that the objective can be achieved, and user can learn based on their specific needs. The feedback given by the experts for the three questions from was four out of five. Reading was the main objective, the expert can clearly understand the main purpose of this application system and how this system can help user, especially parents. In the second section, which was about the first preparation before applying the behavioral analysis, the expert also gave four over five for all the questions' requirements. Based on the comments, the content was deemed relevant and easy to apply since it was the basic preparation for parents. The presentation was also interesting, and each point clarified clearly. However, the content was lack of some information and it needed more examples in real situations such as videos and pictures so that parents can have more options Next, the strategies on how to conduct the behavioral analysis effectively were described. In this section, the expert was satisfied with the overall content and the full rate of five over five was given. This is because, all the strategies stated were relevant to parents to apply at home and they help their child to build positive behavior. The experts commented that overall, the information was simple and easy to understand. Some suggested strategies were also helpful to reduce the negative behavior of the children and teach parents how to react or communicate with them in different situations. However, it would be easier if the mind map was available for certain information so that user can recognize their child's stages of development.After strategies, parents need to get to know the varieties of activities that help their child in learning process by applying the behavioral analysis. Thus, in this section, the feedback from user was satisfying because she rated five for the relevance of the content and four for the presentation clarity and learning relevance. She has further commented that the contents had achieved the objective, but the improvement was needed on how to deliver the information such as adding more case studies based on real situations. This can be done by using videos and images because user can easily understand it by watching a video instead of reading the notes. Moreover, using some case studies, user will believe that all the contents were adaptable and efficient. The last section was a quiz containing 10 questions based on the objectives of this application system. All of the questions were randomly chosen to help users to learn and memorize the important content. The experts gave 'excellent' as the overall rating. The experts also suggested that the developer can enhance the quiz content by asking more questions on the PECS application for users to test their understanding. The experts also added that the developer can use pictures as part of the questions. The expert rated four for the content and learning relevant but rated three from the way it was presented. This is because, according to the expert, she stated that the quiz should be presented in various ways other than having the questions answered. The expert also added some suggestions to improve the presentation such as using paragraphs and zero-error wordings to make sure that user can gain more benefits while using this application system. Hence, for the overall feedback from the expert, this mobile based learning application was a good start to attract parents or teachers to further access information on their children with special needs anytime and everywhere as we are lacking Malay language resources in regard to these special kids
VI. CONCLUSION AND FUTURE WORK
This research achieved the objectives as the researcher has designed and developed a mobile application on fundamental PECS information for caregivers. The content had also been evaluated by the expert, and the caregivers managed to learn how to use D.I.Y concepts to prepare learning materials. The researcher also has developed this mobile-based learning using Malay language as the main language. Future works that can be done by future researchers is that they can do the AutiPECS 2.0 version where they can develop the mobilebased learning of PECS which focus more on one case study so that the caregivers know how to apply PECS in their daily lives with their special kids. The future researcher can also create their own videos in Malay language in order to produce more source of knowledge about PECS in Malay version.
Listed below are several important motivations in improving this study. 1) Firstly, the number of experts involved to evaluate the developing prototype. Although the prototype development phase was in the initial stage, the assessment that used only two experts was not enough. To improve these shortcomings, we intend to seek additional feedback from several other agencies, such as Autism Association, Community Rehabilitation Center and hospitals.
2) In addition, there was also a critical weakness in terms of rating among target consumers, who were the parents themselves. At the time of this study, we were facing time constraints. The strategy of putting online questionnaire links was less effective. There were only 10 respondents who responded, and it was problematic for us to measure how effective the prototype we were developing. Therefore, in the next phase, this is a priority and we are targeting more respondents.
3) Finally, the overall objective of this study was achieved, and we hope that the study gives a positive impact as an alternative support to parents, with the challenge of raising these special children. As for future planning, this study will develop other modules such as Applied Behavior Analysis, Sensory, Social and Medical interventions.
